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The increase in industrial waste, especially those containing Pb and Cd, which is discharged into 
the environment results in more polluted environment conditions. Polluted enviornment is 
very dangerous for the survival of living things. This  technique use living things to reduce 
environmental pollution, making it safe for living things. Bioremediation can be carried out by 
in-situ and ex-situ methods with several bioremediation mechanisms, including biosorption, 
bioaccumulation, bioleaching, and bioprecipitation. The use ex-situ techniques in 
bioremediation is easier to do, especially if it is carried out to remediate soils under controlled 
conditions in the laboratory. 
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1. Introduction  
 
The increasing of urbanization and industrialization has resulted in the environment being more 
polluted by toxic waste, including heavy metal compounds. Several types of heavy metals in certain 
levels/doses are essential, that they are useful for the metabolism of living things, such as Zn, Cu, 
Fe, Co, Mn, Se. However, some types of heavy metals are non-essential, meaning that their benefits 
for the living body are not yet known. In fact, some types are classified as poisonous metals because 
they have negative effect on living things, such as Hg, Pb, Cd, Sn, Cr(IV) (Purnamawati et al., 2015). 
Some heavy metals can pollute the environment through volcanic activity, fire and other natural 
disaster. However, industrial activities, such as metal mining, fuel burning, oil mining are also 
contributed significantly to the increase in heavy metal pollution. Heavy metals cannot be properly 
broken down by the environment (naturally) or by the body living things, so that heavy metals will 
accumulate in the environment or in the bodies of living things.  
 
Yudo’s research (Yudo, 2018) states that heavy metal pollution in the water (rivers) in Jakarta 
continues to increase along with the increase in population, industry, and population activities in 
watersheds (DAS). Heavy metal contamination in river water can be found in the form of 
accumulation in sediment and soil. Hardiani et al. (2016) reported that the deinking process in 
Wulandari, A. D., & Meitiniarti, V. I. (2021). Bioremediation of Pb and Cd contaminated soil using 




paper production produces solid waste containing heavy metals from ink which can contaminate 
the soil. Other industrial activities such as gold mining have contributed significantly to increasing 
heavy metal pollution. Mining, mineralization processes, and metal extration are the three basic 
activities of the gold mining industry which produce large amounts of waste (Fashola et al., 2016). 
Industrial activities and population growth are things that cannot be avoided, so that they can 
worsen environmental condition by heavy metal pollution. 
 
Cd and Pb metals are two types of heavy metals that are widely used in the commercial process, 
metal industry, paint undustry, textiles, ceramics and batteries. Pb metal is non-essential heavy 
metal, so when food is contaminated with these heavy metals and enters the human body through 
the food chain, the metal is toxic to human and inhibits bioprocessing in the human body (Hardiani 
et al., 2016). Cd metal is an inorganic metal which is more toxic than Pb. Cd poisoning causes acute 
and chronic bodily disorder (Sankarammal et al., 2014). Based on the effects of Pb and Cd pollution 
which have high risk to the health of living things, efforts should be made to ensure that the 
concentration in the environment does not exceed the environmental quality standard threshold. 
Efforts that can be done are bioremediation techniques (Ihsan & Aprodita, 2015).  
 
Bioremediation is defined as a strategy or biological process to restore a polluted environment by 
detoxifying (lowering toxicity) in the environment by utilizing living things (Masithah et al., 2011). 
The bioremediation process of heavy metals using microorganisms as employees can be carried out 
through various mechanisms, including biosorption, bioprecipitation, bioaccumulation and 
bioleaching. Some examples of microorganisms used for heavy metal remediation include the 
microalgae, Chlorella vulgaris (the bioprecipitation of Pb2+) (Sorokina et al., 2012). Fungi Daedalea 
quercina (accumulated Cd metal) (Gabriel et al., 1996), bacteris Kocuria flava (Pb bioprecipitation) 
(Achal et al., 2012), microfungi Aspergillus fumigatus (heavy metal bioleaching) (Seh-Bardan et al., 
2012). Remediation techniques by utilizing microorganisms are a natural process so that it saves 
costs and does not cause other pollution (Giwa & Ibitoye, 2017).  
 
In this article, we will present information about human activites that are the source of the entry 
of Pb and Cd metals into the soil environment, such as the use of fertilizers and pesticides and the 
activities of the electroplating industry and the battery industry, the toxicity of Pb and Cd which can 
cause various disorders in both plants and humans, bioremediation agents such as bacterial and 
microalgae and their mechanisms, and the techniques in bioremediation, namely in-situ and ex-
situ. It is hoped that with this information, industries whose activity processes have the potential 
to introduce Pb and Cd metals into the environment can choose processes that are more 
environmentally friendly or carry out waste treatment properly so that the Pb and Cd metal content 
in waste disposed of into the environment does not exceed the minimum threshold anymore. In 
addition, with the information on microbes that are used for bioremediation of Pb and Cd metals, 
it is hoped that it canbe useful for the environmental service or consultant in overcoming 
environmental pollution.  
 
2. Sources of Pb and/or Cd Pollution  
 
Various kinds of human activities can be a source of Pb and/or Cd pollution. The main activities in 
the mining industry, such as: cross-section, mineralization process, metallurgical extraction of metal 
ores, paint and ceramics industry, and the battery industry are activities that produce a lot of waste 
containing Pb and/or Cd metals. These wastes can be a source for the entry of Pb and/or Cd metals 




into the soil and water enviroment. Industrial activities that pollute the environment with Pb and/or 
Cd can be seen in Table 1.  
Table 1. Industry and industrial activities that pollute the environment with Pb and Cd. 
Heavy Metal Source Reference 
Pb (Lead) 
Gold mining : mining process, mineralization process, 
gold extraction process 
Fashola et al. 
(2016)  
Industrial waste paint and ceramics : addtion of dyes 
to paints and as a mixture in making a glossy glass 
coating (gloze) on ceramics.  
Sankarammal et al. 
(2014) 
Oil mining: crude oil burning, ore milling  Giwa & Ibitoye 
(2017) 
Mining and smelting activities : leaded gasoline-
driven internal combustion engines, sewage sludge, 
battery and product disposal containing Pb, lead 
smelting  
Huang et al. (2006) 
Achal et al. (2012) 
Pb and Cd mining activities: residual material after 
the mine tailing metal separation process 
Seh-Bardan et al. 
(2012) 
Agricultural activities : use of pesticides, use of 
phosphate fertilizers  
Dixit et al. (2015) 
Natural processes : mineral weathering, volcanic 
activity and erosion, forest fires and biogenic sources, 
particles released by vegetation 
Dixit et al. (2015) 
Paint industry waste : adding dyes to paints  Purnamawati et al. 
(2015) 
Cd (Cadmium) 
Industrial activities : mineral processing, metal 
mining, metallurgy cadmium, electroplating 
cadmium. 
Sankarammal et al. 
(2014), Gutiérrez et 
al. (2015) 
Industrial waste of paint and ceramics : adding color 
pigments to paints and ceramics 
Sankarammal et al. 
(2014) 
Oil mining : burning crude oil, grinding ore  Giwa & Ibitoye 
(2017) 
Mining activities Pb and Cd: residual material after 
separation process of metal ore (mine tailing) 
Seh-Bardan et al. 
(2012) 
Agriculture activities : use of pesticides, use of 
phosphate fertilizer 
Dixit et al. (2015) 
Natural processes:  mineral weathering, volcanic 
activity and erosion, forest fires and biogenic sources, 
particles released by vegetation 
Dixit et al. (2015) 
Lumbar metal plating industry: electroplating 
because is non-corrosive  
Purnamawati et al. 
(2015) 
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Increased industrial activity can increase the Pb content by a very large amount of 15.127 mg/kg of 
soil (from soil surface to a depth of 30 cm), where the soil is contaminated with the mining waste 
(mine tailings) (Achal et al., 2012). Meanwhile, the Cd content in soil extracts near the electroplating 
industry can research levels of 48-240 mg/L (Gutiérrez et al., 2015).  
 
3. Pb and Cd Toxicity 
 
Potential hazards of Pb and Cd metals are when Pb and Cd pollute the environment at concentration 
that exceed the established quality standards threshold and enter metabolic system of an organism, 
especially humans (Kurniawan & Mustikasari, 2019). Purnawati’s research (Purnamawati et al., 
2015) states that the maximum allowable values as a standard measure of waste quality for 
industrial areas are 0.1 mg/L for Cd and 1 mg/L for Pb. The level of Pb and Cd toxicity is determined 
by the duration of exposure and the amount of Pb and Cd absorbed by the organism. Hardiani’s 
research (Hardiani et al., 2016) found a Pb content of 39.0 mg/kg of sludge waste and 63.1 mg/kg 
of contaminated soil. Hardiani et al. (2016) stated that the environtment is a toxic environment for 
organisms because the safe limits for Pb and Cd content contamination in soil are 10-20 mg/g soil 
for Pb and 0.08 mg/g soil for Cd. High levels of Pb and Cd contamination in soils involve high 
accumulations in living organisms as well, because there is a strong correlation between metal 
concentrations extracted from the soil and metal concentrations from plants  that grown in 
contaminated soil (Ojuederie & Babalola, 2017). Pb and Cd in the environment enter to the cells, 
tissues, and organs through the food chain. The displacement mechanism can occur directly or 
indirectly. Directly, that is, if the organism directly absorbs or consumes Pb and Cd from a polluted 
environment. Indirectly, the organisms eat/consume organism that have been contaminated by Pb 
and Cd (Gutiérrez et al., 2015). The toxicity of Pb and Cd can occur if it accumulates in the human 
body when humans consume foods contaminated with Pb and Cd and pose a health risk to humans 
(Ojuederie & Babalola, 2017).  
 
Cadmium (Cd) is one of the most toxic heavy metals for many organisms. Cadmium contamination 
is a serious concern because it accumulates in the food chain, drinking water and soil and has a very 
long retention time (> 20 years). In addition, cadmium is also very easily transported in the soil 
system so that it affects the ecological function of ecosystem (Xie et al., 2016). Cadmium also affects 
many metabolic activities of soil bacteria, such as nitrogen mineralization, carbon mineralization, 
CO-production, and enzym activitiy (Fashola et al., 2016). Devinta’s research (Rahmadiani & 
Aunurohim, 2013) stated that the negative effect of Cd at a concentration of 50 to 500 mg Cd/kg 
soil affecting the dehydrogenase activity produced by soil bacteria. The study by  Fashola et al. 
(2016) also stated that there was a decrease in bacterial nitrification activity by 14% at a 
concentration of Cd 2mg/kg soil. 
 
Lead (Pb) is toxic at the lowest concentration and naturally cannot decompose unless removed from 
the medium where it was found. Lead is found in various oxidation states (0, I, II, IV) and the most 
stable forms are the Pb complex (II) and lead hydroxyl (Dixit et al., 2015). Lead can enter bacterial 
cells through important divalent metal uptake routes such as Mn2+ and Zn2+ and exerts its toxic 
effect on bacterial species by changing the conformation of nucleic acids, proteins, inhibition of 
enzym activity, impaired membrane function and oxidative phosporylation (Fashola et al., 2016). 
The effects of Pb and Cd toxicity on living things, namely humans, plants, and microorganisms can 
be seen in Table 2. 
 




Toxicity of Pb and Cd can cause various disorder in humans and can even cause death. Dafe limits 
for Pb and Cd content in the human body in adults who are not exposed to cadmium, blood levels 
of cadmium are usually less than 0.5 µg/ml, while the safe limit for lead in adults is 10 µg/dL and 
for children is 5 µg/dL in whole blood (Rana et al., 2018). 
 
Table 2. Toxicity effects of Pb and Cd metals on living things. 
Heavy Metals 
Type 
In humans Plants Microorganisms 








problem. (Dixit et al., 
2015) 
Decrease in plant 
growth rate (Huang 
et al., 2006) 
Interfering with the 
permeability of cell 
membranes, toxic for 
microbal metabolism 
(Giwa & Ibitoye, 2017) 




(Sankarammal et al., 
2014). Nuclei acids 
damage, proteins 
denaturation, inhibit cell 
division and 
transcription, 
mineralization of carbon 
and nitrogen are 
inhibited (Giwa & Ibitoye, 
2017) 
Chlorosis of the 
leaves, wilted and 
creased (Susana & 
Suswati, 2011) 
Denaturation of proteins, 
inhibits cell division, 
interferes with the 
activity of cell 
membranes, inhibits 
enzym activity, nucleic 
acids damage (Fashola et 
al., 2016) 
 
4. Agents of Bioremediation and Bioremediation Mechanisms 
 
The principle of microbial bioremediation is to utilize biological mechanisms present in the 
microbial body to transfer or convert heavy metals in contaminated areas into harmless materials 
(Ayangbenro & Babalola, 2017). The ability if microorganisms to interact with heavy metals is used 
by humans to overcome toxic residues in polluted environments so that they have the potential as 
a remediation agent (bioremediator) (Kurniawan & Mustikasari, 2019). The interaction between 
heavy metals and microorganisms occurs through several intracellular and extracellular 
mechanisms, among others, metal biosorption on cell wall (biosorption), metal binding to protein 
(bioaccumulation), enzymatic transformation of metal structures (bioleaching), precipitation which 
can cause metal precipitates and accumulates (bioprecipitiation) (Ojuederie & Babalola, 2017). The 
biosorption process is a non-enzymatic passive interaction process between metal ions and dead 
or living microbial cell walls (Fashola et al., 2016). Biosorption occurs because of the presence of a 
biological material called a biosorbent that binds heavy metals in a solution by means of ion 
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exchange where the ions on the cell walls of microorganisms are replaced by heavy metal ions 
(Ratnawati et al., 2010). Bioaccumulation is also called a resistance mechanisms which is carried 
out by binding of metal ions by intracellular molecules such as metallothioneins or accumulation of 
metal ions in certain organelles such as vacuoles and mitochondria (Kurniawan & Mustikasari, 
2019). In principle, in the bioprecipitation process there is a chemical reaction of reducing heavy 
metals to be deposited (precipitated) by organisms. Bioprecipitation usually involves sulfate 
reducing microorganisms capable of producing H2S and causing the metal to precipitate (Kurniawan 
& Ekowati, 2016). Bioleaching is a process of dissolving/ releasing/ extracting metals from 
sediments or minerals that are difficult to dissolve into a soluble form using bacteria (Isa, 2004). 
 
Many studies have reported the application of the biosorption process for the absorption of Pb and 
Cd metal ions in the environment. Purnamawati et al. (2015) conducted a biosorption study using 
Chlorella vulgaris as Pb and Cd absorbent. During 76 days of obeservation, Chlorella vulgaris was 
able to absorb Pb and Cd at concentrations of 1, 3, 5 ppm. This study also showed that the higher 
Pb and Cd concentrations in the environment, the lower the ability of C. vulgaris to absorb metal 
ions. In addtion, C.vulgaris absorb more Pb ions than Cd. Research by Aung et al (Sorokina et al., 
2012) also states that C.vulgaris can be used as an absorbent for the absorption of Pb2+ and has the 
potential as a bioremediator for Pb-contaminated environments. This study also showed C.vulgaris 
optimal absorption of Pb ata concentration of 1 mmol/L at pH 6 and within 30 minutes. Gutiérrez 
et al. (2015) used Lessonia nigerecens and Durvillaea antarctica as a absorbents for rhe absorption 
of Cd metal ions. This study shows that D.antarctica has a better absorption abillity than 
L.nigerscens because D.antarctica is able to absorb Pb ions with a concentration of 65 mg/L on 5 
days while L.nigerscens is only 48 mg/L. These two microorganisms work optimally at pH 3.7. 
Biosorption occur due to the exchange of monovalent and divalent ions such as Na, Mg, and Ca 
which are present on the walls replaced by metal ions of Pb and Cd then formed complexes 
between heavy metal ions and functional groups. Then the cell transfers Pb and Cd metal ions that 
are bound at the cell wall to the deeper cell organelles (accumulated in the cell, or is called 
bioaccumulation) (Purnamawati et al., 2015). 
 
Soil bioremediation using microorganisms can also occur by accumulation (bioaccumulation). 
Bioaccumulation is an energy-dependt heavy metal transport system that involves the retention 
and concentration of heavy metals by living cells. The metals that are outside the bacterial cell are 
transported into the cytoplasm through the cell membrane and the metal is then carried 
intracellular by metal-binding metallothioneins (MTs) which form complexes with metals. 
Metalothionein is a small cysteine-rich metal-binding protein induced by heavy metal stress 
conditions in bacteria (Su et al., 2014). The bioaccumulation process of Pb and Cd has been reported 
in a study of Costa & Duta (2001) which used 100 ml of Pb solution with concentration of 1.2, 5.8, 
11.7, 29.2, and 58.5 mg/L which inocculated with 16.0  ±  10 mg of bacteria cells. Also, in Cd solution 
with concentration of 4.4, 22.0, 44.0, 110.0, and 220.0 mg/L of 100 ml which inoccukated with 16.0 
± 10 mg of bacterial cells. The bacteria used in this study were Bacillus sp, Bacillus cereus, Bacillus 
sphaericus and Bacillus subtilis. The result showed that Bacillus subtilis was the highest Pb-
accumulating bacteria, i.e 1.8 mol/g of biomass and Bacillus sphaericus was the highest Cd-
accumulating bacteria, i.e 11.8 mol/g of biomass. Research by Mok et al in Gabriel et al., (1996) 
used Daedalea quercina as a microorgansim that can accumulate as much as 98% of Cd from 1 









Table 3. Agents of bioremediation and bioremediation mechanisms. 
Remediation Mechanisms Agen of Bioremediation References 
Biosorption 
Biosorption occur due to the exchange of 
monovalent and divalent ions such as Na, Mg, 
and Ca which are present on the walls replaced 
by metal ions of Pb and Cd then formed 
complexes between heavy metal ions and 





et al. (2015), 
Aung et al., 
2013, 
Gutiérrez et al. 
(2015) 
Bioakumulasi 
Bioaccumulation is an energy-dependt heavy 
metal transport system that involves the 
retention and concentration of heavy metals by 
living cells. The metals that are outside the 
bacterial cell are transported into the cytoplasm 
through the cell membrane and the metal is then 
carried intracellular by metal-binding 
metallothioneins (MTs) which form complexes 
with metals. Metalothionein is a small cysteine-
rich metal-binding protein induced by heavy 
metal stress conditions in bacteria (Su et al., 
2014) 
Bacillus sp, Bacillus 
cereus, Bacillus subtilis, 
Bacillus sphaericus 
Costa & Duta 
(2001) 
Bioleaching  
Bioleaching is a process of dissolving/ releasing/ 
extracting metals from sediments or minerals 
that are difficult to dissolve into a soluble form 




ferroxidans, Bacillus sp. 
Seh-Bardan et 
al. (2012), Isa 
(n.d.) 
Biopresipitasi  
In principle, in the bioprecipitation process there 
is a chemical reaction of reducing heavy metals to 
be deposited (precipitated) by organisms. 
Bioprecipitation usually involves sulfate reducing 
microorganisms capable of producing H2S and 
causing the metal to precipitate (Kurniawan & 
Ekowati, 2016) 
Kocuria flava Achal et al. 
(2012) 
 
One of the application processes of bioleaching is to releaseand extract heavy metals from the 
sediment, so that the sediment is free of heavy metals (Isa, 2004). Seh-Bardan et al. (2012) used 
Aspergillus fumigatus in environmental bioremediation with a bioleaching mechanism. They states 
that in the bioleaching process, acidolysis was the most important mechanism indicated by the 
production of organic acid. The heavy metal bioleaching process was carried out by adding 1 ml of 
fungi spore suspension and 100 ml of sucrose solution containing metal with concentration of 1%, 
2%, 4%, and 8% (w/v). The bioleaching process produces several organic acid, including oxalic acid, 
gluconic acid, and citric acid.  A.fumigatus produces the highest oxalic acid, gluconic acid, and citric 
acid in heavy metals with a concentration of 4% (Seh-Bardan et al., 2012). Escherchia coli, 
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Pseudomonas flourescens, Thiobacillus ferroxidans dan Bacillus sp have also been reported to be 
used as Pb bioleaching process. These bacteria can increase the levels of Pb dissolved in the 
medium. These bacteria have different abilities in carrying out the bioleaching process, the highest 
Pb levels reached 0.667 ppm and 0.512 ppm by Bacillus sp (Isa, 2004).  
 
Metal precipitation by Kocuria flava bacteria has been reported by Varenyam et al (Achal et al., 
2012). According Varenyam et al. in Achal et al. (2012), K.flava produce urease and dehydrogenase 
enzymes that induced calcite deposition. Precipitation of calcite can lead to Pb accumulation, so 
that it can reduce the Pb levels in the soil. The Pb content in the soil of 85.4 mg/kg decrease to 14.2 
mg/kg after bioremediation with K.flava. overall, Pb and Cd bioremediation in soil can use 
microorganism and bioremediation mechanisms which can be seen in Table 3. 
 
5. Pb and Cd Bioremediation Techiques Based on The Location  
 
Bioremediation can be divided into two, namely in-situ bioremediation and ex-situ bioremediation. 
In-situ bioremediation is a remediation process by using microorganisms that are in their original 
place to remediate a polluted environment. In this process, the native microroganisms in the 
contaminated area are stimulated so that they grow rapidly and can remediate their environment, 
so this process is often referred to as biostimulation. whereas ex-situ bioremediation is a 
remediation process that is carried out outside the original microbial site. Microorganisms used in 
ex-situ bioremediation must be isolated and propagated in the laboratory. After the microbes reach 
a certain amount (10-3 CFU/gram of soil), the microbes can be used for bioremediation. This stage 
commonly referred to bioaugmentation. 
 
In-situ bioremediation has been reported by Winardi et al (Winardi et al., 2020) who reported that 
indigenous soil bacteria can reduce mercury (Hg) levels in mercury contaminated land in abandoned 
traditional gold mines in West Kalimantan. This research concluded that bacteria reduce mercury 
levels more when added nutrients (NPK 300g/L/m2 of soil + cow dung 1 kg/m2 of soil + aeration) 
than without nutrients addition. 
 
In contrast to in-situ bioremediation which relies on the work of microorganisms in a polluted 
environment. In contrast ex-situ bioremediation the microorgansims used are isolated from a 
polluted environment or purchased microbes that are clearly capable of remediating the polluted 
environment. Achal et al. (2012), have been reported that they isolated the Kocuria flava bacteria 
from the mining soil area contaminated with Pb metal. From the result of this study concluded that 
after these bacteria were supplemented with 50 mM Pb2 [Pb(NO3)2], they able to reduce the Pb 
levels in the environment. Research by Giwa & Ibitoye (2017) also used ex-situ bioremediation 
techniques. His research isolated bacteria in soil contaminated with oil spills, and contaminated 
with heavy metals, especially Pb and Cd. The bacteria that were isolated in his research were 
Pseudomonas spp, Bacillus spp, Micococcus spp, dan Staphylococcus spp. The four bacteria can 
reduce the levels of Pb, Mn, Cd, Cu, Fe, and Zn in the soil. Seh-Bardan et al. (2012) succeeded in 
isolating Aspergilus fumigatus from soil contaminated with gold mining waste and cultivated on 
potato dextrose agar plate (PDA; 3.9% w/v). These fungi are able to reduce levels of heavy metals 
As, Fe, Mn, Pb, and Zn. Heidari (2020) isolated Bacillus sp from sulfur springs and was shown to be 
able to remediate Pb (II) and Cd (II). Singh et al. (2014) succeeded in isolating Pseudomonas sp from 
industrial waste sludge and this bacteria has potential to be a bioremediation agent. The research 
of Sankarammal et al. (2014) conducted a study using Pseudomonas fluorescens isolated from the 
soil around the electroplating industry to reduce the elemental Cd. Pseudomonas fluorescens was 




able to reduce Cd by 99.7% at a concentration Cd 250 ppm, 99.9% at concentration of 500 ppm, 
99.8% at concentration of 750 ppm, and 99.9% at concentration of 1000 ppm. The techniques for 
conducting soil bioremediation can be seen in the Table 4. 
  
Table 4. Pb and Cd bioremediation techniques based on the location. 
Bioremediation techniques Agents of bioremediation References 
In-situ 
In-situ bioremediation is a remediation 
process by using microorganisms that are in 
their original place to remediate a polluted 
environment 
Bakteri indogenous Winardi et al. 
(2020) 
Ex-situ 
Ex-situ bioremediation is a remediation 
process that is carried out outside the original 
microbial site 
Kocuria flava, Pseudomonas 
spp, Bacillus spp, Micococcus 




et al. (2014), 
Achal et al. 
(2012), Seh-
Bardan et al. 
(2012), Giwa & 
Ibitoye (2017), 
Singh et al. 
(2014) 
 
6. The Effectiveness of Selecting Remediation Techniques and Agents 
 
Many methods of bioremediation of Pb and Cd, both in-situ and ex-situ, have been carried out. In-
situ bioremediation techniques were aplied to remediate polluted environments used indegenous 
microbes. This techniques have several advatages include it does not require a means to move 
polluted soil and the microbes used have adapted. However, this techniques also have several 
disadvantages include cannot be used to remediate polluted land that cannot be localized, there 
are no microbes capable to remediate, or there are inhibitory compounds.  
 
Bioremediation techniques using introduced microorganisms, commonly called ex-situ 
bioremediation, are more often used because the results are more promosing. Microbes used in 
ex-situ bioremediation techniques have been tested for their ability to remediate the soil 
environment contaminated with certain heavy metals. This remediation technique can reduce 
certain metal types and metal exposure concentrations can also be determined. 
 
Another advantage of the ex-situ technique is that the selection of the bioremediation mechanisms 
is easier to determine, while in the in-situ technique the bioremediation mechanisms depends on 
the ability of the bacteria in the environment. The disadvantage of the ex-situ technique is that the 
microbe used are less adaptive. Therefore, before being used in bioremediation, microbes must 
adapted to the environmental conditions to be remedied. 
 
In terms of cost. The use of in-situ techniques is more expensive than ex-situ techniques. Besides 
the costs for analyzing the presence of microbes and testing contaminated soil samples to 
determine the presence or absence of inhibitory compound. In the ex-situ technque, only a 
literature stude is needed as a preliminary study and costs are requires for microbial isolation 
and/or purchase of microorganism cultures. In addtion, the in-situ technique takes a longer time 
than ex-situ. 
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Indutrial activities, such as gold mining, paint industry, ceramic industry, and human activities such 
as the use phosphate fertilizers for agriculture. In addtion, natural processes such as volcanic 
eruptions and fires cause increased pollution of Pb and Cd metals in the environment. The 
environtment contaminated with Pb and Cd levels in the environment that exceed the threshold 
are very dangerous for the environtment and living things. Pb and Cd interfere with the metabolic 
processes in living organisms and cause various diseases/disorders.  
 
Several types of microorganisms that can be used to reduce Pb and Cd concentration in soil, include 
Chlorella vulgaris, Phanerochaete chrysosporium, Aspergilus fumigatus, Bacillus sp, Bacillus cereus, 
Bacillus sphaericus dan Bacillus subtilis. These microorganisms can reduce Pb and Cd in the soil by 
biosorption, bioaccumulation, bioleaching, and bioprecipitation mechanisms. These mechanisms 
can be carried out with in-situ or ex-situ techniques. The in-situ technique is more expensive abd 
takes longer than the ex-situ technique. Therefore, the use ex-situ techniques in bioremediation is 
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